Identification of brain regions that are markedly activated by morphine in tolerant but not in naive rats.
The induction of c-fos mRNA in rat brain due to morphine treatment was analyzed by in situ hybridization. A single dose of up to 100 mg/kg given to naive rats elicited only a weak c-fos expression. However, rats that were repeatedly pretreated with morphine displayed a marked c-fos induction in a few brain areas in response to morphine application. These brain areas essentially comprised the dorsal striatum, the shell of the nucleus accumbens, and some cortical areas. The c-fos signal was transient and not due to a residual withdrawal. Naloxone-precipitated withdrawal led to a more intense c-fos expression which also encompassed a greater range of brain areas. A similar but weaker pattern was observed in case of spontaneous withdrawal. A low morphine dose suppressed the c-fos expression nearly completely and was not sufficient to elicit the morphine-like expression pattern of c-fos. The brain areas which responded strongly to withdrawal included the piriform cortex, septal and hypothalamic nuclei and parts of the thalamus. Taken together, our data indicate that in certain circumscribed brain areas including the dorsal striatum and the shell of the nucleus accumbens, a sensitization towards morphine takes place at the molecular level. These areas responded to morphine with an elevated c-fos expression only when morphine was repeatedly given previously. Sensitization processes are thought to be important for opiate dependence, in particular for the increased craving for the drug. Furthermore, our data indicate that in case of repeated application signs of withdrawal appear after each morphine dose at the molecular level. Repeated events of withdrawal were also implicated in the establishment of a drug dependence state.